Emerging data support bariatric surgery as a therapeutic strategy for management of type 2 diabetes mellitus.
D espite substantial improvements in pharmacotherapy for adults with type 2 diabetes mellitus, fewer than half attain the recommended goals for hemoglobin A 1c (HbA 1c ) concentration, blood pressure, or cholesterol levels. 1 These findings, as well as the considerable individual and public health burden of diabetes-related microvascular and macrovascular complications, demonstrate the continued need for new approaches to treat hyperglycemia and cardiovascular risk factors in patients with diabetes. Emerging data support substantial improvement in the management of diabetes, hypertension, and dyslipidemia for adults with diabetes following bariatric surgery. Few data are available for persons with lower-magnitude obesity, and very few randomized studies have measured patient-reported outcomes in this population. We conducted the Surgery or Lifestyle With Intensive Medical Management in the Treatment of Type 2 Diabetes (SLIMM-T2D) trial, a randomized, controlled, pragmatic, singleacademic center study responding to an American Recovery and Reinvestment Act 2 request for applications (05-DK-102) to assess the feasibility of methods to conduct a larger multisite trial comparing the long-term effect of bariatric surgery with that of medical management to improve glycemic control and cardiometabolic risk in obese patients with type 2 diabetes. We compared Roux-en-Y gastric bypass (RYGB) surgery with the intensive multidisciplinary medical diabetes and weight management program Weight Achievement and Intensive Treatment (Why WAIT), designed for application in real-world clinical practice. Why WAIT's cognitive behavioral support is based on the Diabetes Prevention Program 3 and Look AHEAD (Action for Health in Diabetes) study 4, 5 but the Why WAIT program differs importantly in medication adjustment plan, amount of caloric reduction and dietary composition, exercise type and duration, and diabetes education sessions, and is performed only in group sessions. A pragmatic design was selected to compare the effectiveness of Why WAIT using ongoing clinical care programs.
Methods

Trial Design
The study was a randomized, parallel-group, pragmatic trial stratified for body mass index (BMI) above or equal to 35 and below 35 (calculated as weight in kilograms divided by height in meters squared) with balanced randomization (1:1) ( Figure 1 ). The study was conducted at an outpatient clinic and a hospital with shared academic affiliations to Harvard Medical School.
Setting and Participants
Participants were recruited from hospitals and clinics using electronic medical record review for identification or by advertisements. Eligible participants were aged 21 to 65 years with at least 1 year of type 2 diabetes, BMI 30 to 42, a strong desire for substantial weight loss, and a commitment to life-long medical and nutritional follow-up. They were free from active cardiovascular or other diseases prohibiting them from exercising safely or undergoing a bariatric surgical procedure. Additionally, potential participants had HbA 1c levels above 7% (to convert to a proportion of total Hb, multiply by 0.01), regardless of ongoing treatment, or 6.5% or greater while receiving either 2 oral antihyperglycemic agents at greater than or equal to half-maximal dose or insulin, and with stable-dose treatment for more than 8 weeks. Individuals were excluded if they had detectable levels of antiglutamic acid decarboxylase antibody, a history of diabetic ketoacidosis, uncontrolled type 2 diabetes (HbA 1c >12%), gastrointestinal disease, malignant disease within 5 years, significant cardiopulmonary or renal dis- 
Randomization and Interventions
The protocol was approved by Partner's Healthcare human subject institutional review board and the US Food and Drug Administration. An independent data monitoring committee reviewed patient safety. The study was described by telephone to the respondents. Potentially interested individuals attended in-person orientations, during which study design and medical and surgical interventions were reviewed. People with a preference for a bariatric procedure other than RYGB were not enrolled. Those interested in the trial were screened for appropriateness for the surgical and medical interventions. Randomization was computer-generated in centrally allocated blocks of 4, stratified by BMI above or equal to 35 and below 35.
The RYGB procedure was performed at Brigham and Women's Hospital. All surgical patients were given routine antibiotic and venous thromboembolism prophylaxis and standardized anesthesia per routine hospital protocols. The RYGB procedure involved a 75-cm antecolic, antegastric Roux limb created with a 50-cm biliopancreatic limb. A 15-to 20-mL gastric pouch was created along the lesser curve of the stomach, and the lesser omentum was divided at that level. A gastrojejunostomy was constructed using a linear cutter stapler, and the gastroenterotomy was closed using a running polyglactin 910 suture (Vicryl 2.0; Ethicon Inc). Provocative leak tests were performed, including "blue dye" and "bubble" tests.
Participants randomized to the medical arm of the study enrolled in the Why WAIT program, which is designed for clinical practice 6 
Follow-up and Outcome Assessments
Metabolic assessments were performed at baseline and repeated at 10% of initial body weight loss to obtain assessments at a comparable level of weight lost in both cohorts. If 10% weight loss did not occur, metabolic assessments were performed at 3 months. Final assessments were repeated at 12 months, providing a time-based comparison. Metabolic assessments included medications and dosing, weight (model 0501 electronic scale; ACME), height (wall-mounted stadiometer), waist circumference (Gulak tape measure according to the National Heart, Lung, and Blood Institute Clinical Guidelines 8 ), and seated blood pressure using an automated device (BP742, Omron Healthcare). Body composition and basal metabolic rate were assessed by bioelectrical impedance (TBF-215; Tanita Corporation). A 6-minute walk test was performed. Group) 12 ; Problem Areas In Diabetes (PAID) 13, 14 ; and Impact of Weight on Quality of Life-Lite (IWQOL) (which assesses weight-related physical function, self-esteem, sexual life, public distress, and work-related stress). 15 The United Kingdom Prospective Diabetes Study (UKPDS) Risk Engine was used to calculate cardiovascular risk.
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Laboratory Tests
Clinical laboratory evaluations were performed by Quest Diagnostics. Quest Laboratories is certified by both the Clinical Laboratory Improvement Amendment and the College of American Pathologists.
Statistical Analysis
The primary outcome was attaining glycemic control (fasting plasma glucose levels below 126 mg/dL [to convert to millimoles per liter, multiply by 0.0555] and HbA 1c below 6.5%) at 1 year of follow-up, regardless of whether patients were using pharmaceutical interventions. We estimated the sample size assuming that RYGB would result in resolution of hyperglycemia in 80% of the patients and medical management in 20%. Twenty participants per group provided 97% power to detect a significant difference between groups, with α = .05. Dichotomous and continuous variables were analyzed using logistic regression and a general linear mixed model, respectively, to test the null hypotheses of equal resolution of hyperglycemia and other major outcomes at 1 year while controlling for covariates. Each measure's outcome analysis during the 1-year study was adjusted for baseline, unless noted otherwise. The primary analysis was intention-to-treat and involved all randomly assigned patients who received at least 1 postrandomization assessment (modified per-protocol analysis). Sensitivity analysis included all randomized participants (Supplement [eTable 3]). Baseline characteristics are presented as mean (SD) and outcome data are mean (95% CI) or median (interquartile range [IQR] ). No interim analyses for superiority or futility were performed. All participants completed the visits before data analysis.
Results
Participants
During recruitment (March 12, 2010, to September 7, 2011), 822 potential participants underwent telephone screening, and 148 subsequently attended an orientation session ( Figure 1 ). Additional information on recruitment approaches and reported reasons for not pursuing trial involvement are provided in the Supplement (eTable 4 and eTable 5). Of those individuals, 93 underwent full medical screening. The most common reasons for screening failure were preference for an alternative surgical procedure, out-of-range HbA 1c , poor surgical candidacy, inability to participate in an unsupervised exercise program, and renal dysfunction. Forty-three participants were randomized to surgical (RYGB, 22) or medical (Why WAIT, 21) interventions. Before any intervention, 3 participants withdrew consent, 1 received a diagnosis of breast cancer, and 1 received a diagnosis of severe depression; these individuals were not included further in summary data (primary end-point analysis including all randomized participants is provided in the Supplement [eTable 3]). Nineteen patients were included in each group for the final analysis. Baseline demographics of the patients undergoing intervention are provided in Table 1 and include 6 participants (32%) with BMI under 35 in the surgical group and 7 (37%) in the nonsurgical group. Established microvascular complications were mild and infrequent.
Primary End Point
Eleven participants (58%) in the RYGB group reached the target HbA 1c level of less than 6.5% and the fasting plasma glucose level below 126 mg/dL at 12 months, compared with 3 (16%) in the medical therapy group (P = .03). The odds of resolution of hyperglycemia, as defined above, were 6.9 times greater in the surgical group at 1 year. All patients in the surgical group who achieved target glycemia were no longer receiving diabetes medications at 1 year.
Weight and Glycemia
Early assessment was performed when participants lost 10% of their body weight or at 3 months if a 10% loss was not achieved by then. All RYGB participants achieved 10% weight loss before 3 months, at a median of 39 days (range, 23-85 days). In comparison, 37% (7 of 19) of participants in the Why WAIT group achieved this 10% weight loss goal. Of participants who did not lose 10% of their body weight by 3 months, mean weight loss was 5.4% (range, +0.3% to −9.2%) at 3 months, with mean group weight lost 7.7% (0.8%) at 3 months. Thus, both groups were successful in weight loss, but there were greater reductions in weight following RYGB than Why WAIT, and differences emerged over time (Figure 2) . Reductions in waist circumference, and fat and lean mass by bioelectrical impedance were also greater following RYGB compared with Why WAIT ( Table 2) .
At the early assessment, HbA 1c reduction did not differ significantly between groups, and both groups achieved significant reductions from baseline (Figure 2) , although there was a shorter time interval to the early assessment in the surgical compared with the medical group. At 1 year, the change from baseline for HbA 1c was significantly greater after RYGB than Why WAIT, and a significant reduction from baseline was sustained only in the surgical group. The pattern for fasting glucose levels was similar ( Figure 2 ).
Blood Pressure and Lipid Levels
Systolic and diastolic blood pressure and triglycerides were lower at 1 year and high-density lipoprotein cholesterol was increased only in the RYGB group. The difference between the groups was significant ( Table 3 ) and was observed despite greater reductions in antihypertensive and lipid-lowering medication use following RYGB (Supplement [eFigure A and B]).
Cardiometabolic Risk
At randomization, participants were free from active cardiovascular or other diseases prohibiting them from exercising safely, including unsupervised exercise. However, fitness assessed by the 6-minute walk test improved in those randomized to the structured Why WAIT program, but heart rate recovery from exercise was better following surgery. Nonsignificant improvement in fitness tended to occur in the RYGB group by 1 year such that the difference between the groups was not significant.
Cardiometabolic risk scores for coronary heart disease, fatal coronary heart disease, stroke, and fatal stroke, estimated using the UKPDS Risk Engine, were all reduced more at 1 year following RYGB than Why WAIT (Figure 2 ). In addition, creatinine, white blood cell count, and hematocrit were lower, but the vitamin D level was greater following RYGB than Why WAIT.
Patient-Reported Outcomes
At baseline participants exhibited moderately low SF-36 total, physical health, and mental health scores, and high IWQOL and PAID health status scores, consistent with moderate distress across all axes (Figure 3 and Supplement [eTable 6]). At early assessment, Why WAIT participants reported greater improvements compared with RYGB participants in quality of life, assessed by SF-36 total, physical health, and mental health scores. Differences between the groups did not persist at 1 year. PAID captured reductions in emotional distress, eating behaviors, and difficulty with diabetes self-management after both interventions and were similar in magnitude between the groups. The number of barriers to being active was reduced, and the magnitude of improvement was similar between the groups. The visual analog scale score of the EQ-5D also improved similarly between groups, with no significant change within or between groups for the EQ-5D index score (data not shown). The IWQOL score also improved significantly following RYGB and Why WAIT, and the magnitude of improvement was significantly greater in the RYGB group at 1 year. In the groups combined, improvement in IWQOL scores correlated with greater weight loss (r = 0.70; P < .001).
Adverse Events
No participant experienced severe hypoglycemia (requiring assistance). Surgical arm postintervention serious adverse events included ischemic heart disease with coronary artery bypass surgery, new breast cancer diagnosis, nephrolithiasis, exacerbated depression with suicide attempt, and hip arthroplasty. Notably, hip pain preceded enrollment and did not improve following weight loss; thus, hip arthroplasty following RYGB was not the result of improved surgical candidacy. Three different participants in the nonsurgical arm had presyncope serious adverse events.
Discussion
Risks and benefits of bariatric surgery compared with nonsurgical medical management for obese patients with type 2 diabetes, particularly for those with lesser-magnitude obesity, are of increasing interest. The present study and others 17, 18 confirm that a randomized trial of bariatric surgery compared with medical and lifestyle intervention for diabetes is feasible in the US population consistent with reported trials in other countries [18] [19] [20] and with studies comparing surgery with medical approaches for coronary disease management. 21 Patients often have a strong preference for the type of surgery, and if larger trials to directly address mortality or cardiovascular outcomes are conducted, pragmatic or innovative designs to accommodate patients' surgical preference may be needed. We found that obese patients with type 2 diabetes are more likely to achieve the target HbA 1c level of less than 6.5% and fasting plasma glucose less than 126 mg/dL 1 year after randomization to RYGB compared with intensive medical diabetes and weight management. Other glycemic thresholds often used to quantify achieving diabetes goals were also higher following RYGB. Notably, all patients in the surgical group achieved glycemic control without using diabetes medications. Likewise, the surgical group experienced improved blood pressure and lipid levels with reduction or elimination of concomitant medications in many patients (Supplement). Our study also adds to the relatively sparse data available on patients with lower-magnitude obesity. 22 To our knowledge, our trial was the first to use a pragmatic, clinically available intensive diabetes weight management program designed specifically for application in real-world clinical practice 6 modeled
off clinical trial practices with demonstrated effectiveness, such studies. 23 Initially favorable glycemic and weight reduction occurred with medical and lifestyle intervention. Although weight loss was maintained, dysglycemia recidivism rates were high during the study year. In general, participants and providers appeared hesitant to add glycemic management phar- macotherapies after the initial success lowering the HbA 1c concentration with fewer medications or lower dosages. At follow-up visits, participants reported their willingness to increase adherence to dietary and exercise programs. In contrast, although the shorter time to early assessment after RYGB compared with Why WAIT could confound the change in HbA 1c at this time, weight and glycemic improvements after RYGB occurred quickly and were maintained throughout the 1-year follow-up period.
Although the study was not powered to assess the effects of interventions on additional metabolic measures, we observed improvements in multiple cardiovascular risk factors including substantial differences in improvement in UKPDScalculated cardiovascular risk scores. These findings concur with cardiovascular outcomes reductions found in multiple nonrandomized, observational, controlled trials 24-28 and may portend improved major cardiovascular event rates for surgical patients. Both RYGB and Why WAIT interventions improved selfreported total, physical, and mental health status (SF-36); problems associated with diabetes management (PAID); barriers to being active; and adverse effects of weight on life quality (IWQOL). Early deterioration in the SF-36 total and physical health scores reported in surgical patients could be the result of the short postoperative time interval to the 10% weight lost outcome for this assessment. At 1 year, improvements were comparable between the groups. Similar-magnitude improvements in patient-reported diabetes burden were achieved in different ways: with resolution of hyperglycemia following RYGB and with education, lifestyle, and medication changes in the Why WAIT program. Barriers to being active were similarly improved in both groups. Weight-specific quality-of-life improvements were proportional to weight lost. Greater differences between the groups appeared at 1 year compared with the earlier assessment. This study had limitations. Duration of diabetes and insulin use, as proxies for β-cell function, were not inclusion or exclusion criteria. Thus, our study population had a wide range across these variables. There were relatively few patients with diabetes-related coexisting established microvascular or cardiovascular disease, limiting the applicability of the findings to patients with more extensive diabetes-related complications. It is possible that participants willing to be randomized to surgery are not representative of motivated patients willing only to participate in an intensive medical-management program-thus affecting the amount of weight lost in this group. Despite the randomization process, participants in the medical arm had numerically higher baseline HbA 1c concentrations and fasting glucose levels and thus, despite statistical corrections for baseline dysglycemia, could be less likely to achieve a dichotomous end point. We did not study emerging surgical approaches, such as the now frequently used gastric sleeve. 29 The small number of participants available at the 1 year follow-up disallows assessment of infrequent or longterm adverse events, cardiovascular or mortality outcomes, metabolic response durability over time, or cost-effectiveness. These factors are especially relevant considerations for public health policy changes recommending surgical intervention for diabetes management. 30 Serious adverse events were numerically more frequent in surgical patients, and possible debilitating surgical events 18 can substantially offset any favorable metabolic improvements. Individual and societal risk tolerance may differ. The American Recovery and Reinvestment Act feasibility funding for a randomized trial comparing bariatric and metabolic surgeries with medical approach did not permit extended follow-up. At this time, the potential effect of long-term nutritional deficiencies and lack of data on cardiovascular and mortality outcomes must temper any enthusiasm for an endorsement of surgical procedures for diabetes management. Although resolution of hyperglycemia may not last indefinitely following surgery, 31 health benefits of previous glycemic control may take years to emerge. Despite a lack of significant differences in glycemic control during the extended observational follow-up period, patients previously randomized to intensive control demonstrated a significantly lower risk of diabetes complications. The continuing benefit of early improved metabolic control has been termed metabolic memory or legacy effect. These data suggest that optimal maintenance of metabolic control may minimize the long-term risk of diabetic complications, although this hypothesis remains controversial and may not be true for patients with longer-duration diabetes. [35] [36] [37] Low operative morbidity permits consideration of bariatric and metabolic surgeries specifically for diabetes management, although few data are available for patients with a lower amount of excess weight 22 and currently available studies suggest that improved mortality may be limited to the patients with the highest level of obesity. 24 Our trial and other small studies 17, 19, 20 suggest health benefits for patients with type 2 diabetes and lower-degree obesity who accept surgical risk. However, the short-and longterm risk and benefits need serious evaluation. Prospective and case-control, but not randomized, studies suggest significant benefits associated with bariatric surgery in diabetes treatment and prevention, reduced incidence of cancer in women, 38 and reduced cardiovascular 26, 39 they are confirmed, is substantial. Without a unified longterm outcome trial to compare bariatric surgery with intensive medical weight management, our study and other small 
